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ABSTRACT 
This dissertation was written as part of the MSc in Strategic Product Design at the 
International Hellenic University.  
 
The theme of this dissertation is the design of a prototype electric wheelchair, the 
main purpose of which is to solve problems encountered by a person with a disability 
on a daily basis.  
 
General problem in the majority of wheelchairs and trolleys is the boarding and 
disembarking process. Disabled people face this problem on a daily basis. Maybe It is 
not considered as a serious problem by a trained disabled because it can overcome it, 
but for someone who has been in bed for many years this is a serious issue that can 
create even more problems, with just one unsuccessful transfer from one place to 
another.  
 
To create a successful product, which aims to solve the above-mentioned problem we 
will study many different wheelchairs on the market. Our research will include several 
surveys focusing on the user, the illnesses and anthropometrical measures as well as 
way of wheelchair usage. Afterwards we will focus on the wheelchair itself, the types, 
characteristics, parts, and functions.  
 
Finally, an electric wheelchair will be designed and also some ways of financing this 
project will be present. 
 
 
 
 
 
 
 
Velikis Kyparissis  
20-03-2018 
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PREFACE 
The idea of designing this trolley came after a conversation with my beloved uncle, 
Nikolaos Ketanis, who remains disabled after a car accident and has been a wheelchair 
user for 30 years.  
 
All these years of sitting on a chair have increased his disability although his hard 
training, even the routine transfers such as the moving from bed to chair or to the car 
have become nightmares.  
Since no wheelchair on the market covers all of his needs, maybe there are some that 
cover them but they are too expensive, I decided to design a new wheelchair which 
makes his life easier. The wheelchair’s mechanisms are designed with the idea to be 
easily accessible for the user and at the same time simple to operate.     
 
I would like to thank the “International Hellenic University” and Prof Dimitrios Tzetzis 
for giving me the opportunity and support to do my thesis work on the subject I 
wanted to.  
 
I would like to thank my uncle Nikolaos Ketanis for bringing the subject to me, giving 
me some insights on the product and its uses, and mainly for all his useful advices.  
 
Last but certainly not least, I have to thank my partner Iva Chifligarova for all of her 
patience and research that she made.  
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INTRODUCTION 
A motorized wheelchair or electric-powered wheelchair is a wheelchair that is 
propelled by means of an electric motor rather than manual power [1]. Motorized 
wheelchairs are useful for those who are not able to impel a manual wheelchair or 
who may need to employ a wheelchair for distances or over terrain which would be 
strenuous in a manual wheelchair.  
 
Moving around with the wheelchair is an important factor to study, but it is not 
the only one related to mobility. It is also important to be able to move to and from 
the wheelchair as the handicap person will have to use the toilet, shower, bed 
 
All those actions must be taken also into consideration to make a good user-
friendly model. 
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1 AIM OF PROJECT 
The aim of this project is the design and creation of an economic and user-friendly 
wheelchair that is capable of moving indoors and outdoors. It has to be maneuverable 
enough to move inside house and narrow places with different obstacles and be able 
to circulate outside on the roads and sidewalks. 
Main target of this concept design is to solve the problem of body transfers. 
The transfer of the body from and to the chair to go to bed and the elevation of the 
body to different positions.  
Also, the wheelchair has to give the user the feel of freedom and help him to be 
more independent in everyday life. In addition to the above the wheelchair has to be 
as economic as possible for the owner to be able to get it only with Governmental 
Grants.  
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1.1 PROBLEM STATEMENT 
 
Getting off and on the wheelchair is one of the biggest problems that most users face 
every day on different occasions. Movements of the body such as getting to the bed or 
getting on the car is a daily routine nightmare for handicap persons.    
 
 
Figure 1 Body Transfer 
Another problem that disabled persons have is the seat height. The position of 
the seat affects every day life of the user, for an example if the user wants to grab 
something from a higher point or if something is dropped from the chair. Most 
wheelchairs do not have an elevation system for the seat and those that have such 
systems are way too expensive to own.   
For many wheelchair users, the very decision to venture into public places is 
emotionally turbulent. The desire for autonomy and for the many pleasures that only 
public places offer collides with fears among others, fear of moving past and among 
much larger vehicles. [1]  
With a stable wheelchair, users still must endure being treated like children in 
public places because of height. Sometimes they are treated as open persons who can 
be addressed at will about their condition and the technical means of their mobility.  
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1.2 NECCESITY 
 
According to the UN, in most countries of the world, 8-10% of the 
population has some form of disability. In the European Union the proportion of 
these people is greater and ranges between 10-15%. In the last decade the 
percentage have risen (+2 to 7%), due to the increasing trend in road 
accidents. The latest World Health Organization report in 2015 reported that 
every year more than 50 million people worldwide are injured as a result of 
road accidents. 
In Greece, the number of people with disabilities is estimated at around 1 
million, as no official inventory has been made. Estimates about their number 
have been derived from World Health Organization and other governmental rates.  
(Anon., n.d.) According to the Greek National Standing Committee on Road Safety 
within a year there are 1,600 dead and 20,000 injured in road accidents.  
Specifically, among those numbers each day 5 people involved in car accidents 
are dead, 5 are quadriplegic, 10 paraplegics and 60 injured.  
In accordance with the above, Greece is in need of more than 3000 wheelchairs 
yearly.  
 
Table 1 Road Accidents in Greece 
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2 THEORITICAL BACKGROUND & SOLUTION METHODS 
2.1 ILLENESS SURVEY 
 
There are different illnesses that hinders the control over the body and forces the 
person to use a wheelchair. These illnesses will define the problems and boundaries 
the wheelchair users have and how much their abilities diverge from a healthy 
individual. The design of the wheelchair will have to take into consideration those facts 
to properly adapt to its target user. 
 
 
2.1.1 PARAPLEGIA – QUADRIPLEGIA 
Paraplegia and quadriplegia are diseases of which suffer the lower and upper 
extremities respectively after a damage to the spinal column which can cause spinal 
cord injury and radicals. Both medical conditions can involve partial or total paralysis 
of the body parts [1]. 
 
• Paraplegia is paralysis of the lower part of the body and the two legs. It is 
caused by damage to the spinal cord, which may be due to a disorder of 
conformation, epidural abscess, hematoma, acute transverse myelitis, spinal 
cord neoplasms, multiple sclerosis, syringomyelia or trauma. 
 
• Quadriplegia (tetraplegia) is paralysis of all four limbs, which is usually caused 
by damage to the cervical spine. Quadriplegia is often caused due to neck 
traumas, but sometimes also due to spinal cord soreness, infections, 
aneurysms, vasculitis, autoimmune diseases, neurosurgery, or mass lesions. 
The higher the damage, the lower the functionality of the hands after. The 
lesions above the third cervical vertebra paralyze the diaphragm. For patients 
with severe cervical lesions, life can only be maintained by mechanical 
ventilation. 
 
 
Figure 2 Compressive fractured spine 
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2.1.2 CLASSIFICATION OF THE INJURIES 
Fractures of the cervical and thoracic spine up to the 11th thoracic vertebra cause 
spinal cord injury (Fig. 2). Fractures from the 11th thoracic to the 1st lumbar vertebra 
cause mixed damage to the marrow and nerve roots, while fractures under the lumbar 
vertebra cause pure nerve root damage (Fig.3). 
  
 
Figure 3 Spine 
The neurological picture of an injured person is not always proportional to 
bone damage. Thus, injuries with large bone displacement may not cause neurological 
disorders and it is possible to have paraplegia or tetraplegia without any bone lesion 
occurs in the radiography. 
Spinal cord injuries according to pathological changes are distinguished in: 
 
• spinal cord contusion 
• contusion, 
• cleavage, 
• compression, 
• hematomas, 
• cross section (showing the images of quadriplegia and paraplegia) 
 
In the case of complete cross-section, at least initially a relaxed sensory-motor 
quadriplegia or paraplegia is observed from the point of injury and below (the patient 
is loose and does not move the four or lower extremities respectively). Paralysis then 
becomes spastic with a marked increase in reflex tendon (unconscious movements). 
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2.1.3 MULTIPLE SCLEROSIS (MS) 
The multiple sclerosis (MS) or also known as diffuse encephalomyelitis, is an 
inflammatory disease in which the insulating caps of nerve cells in the brain and 
vertebral column are destroyed. 
 
Figure 4 Multiple Sclerosis 
This disruption impacts the ability of parts of the nervous system to 
communicate, resulting in a wide range of signs and symptoms, including physical, 
mental, and sometimes psychiatric problems. Multiple sclerosis takes several forms, 
with new symptoms either occurring with individual crises (recurrent forms) or 
occurring over time (progressive forms). Among the crises, the symptoms may 
disappear completely, but permanent neurological problems often occur, especially as 
the disease progresses. 
 
 
Figure 5  Wheelchair’s user with assistant escort 
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2.2 THE HISTORY OF WHEELCHAIR  
 
The wheelchair is the most widespread way of transport (self-sufficient or not) for 
people unable to walk. The first furniture with wheels is found in China and Greece 
around the 6th century BC. Later [1], in about 525 BC (Figure 7), the first roller-chairs 
which transport people appear in Greek and Chinese artwork. 
 
   
Figure 6 Wheelchairs in Ancient Greece 525 BC and in China 6th Ae. B.C. 
  
 
In 1933 the first folding, lightweight, steel wheelchair was invented by Harry 
Jennings and Herbert Everest who had broken his back in an accident. Since then, the 
technology development and the times trends have contributed to the construction of 
wheelchairs from various materials and for different needs. 
 
 
Figure 7 Jennings’s and Everest’s folding wheelchair 
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2.3 DIFFERENT USERS AND SOLUTIONS 
 
To get a perspective of new possibilities in the design of a wheelchair it’s important to 
know what is being produced. Handicap people have many products available to help 
them gain the mobility they lack. As there are many products that improve the 
mobility for handicapped people, each in different range and ability, it’s important to 
find a way to show them all together. With the use of a diagram it’s possible to outline 
the different type of products and the solutions given to specific problems.  
 
 
 
Figure 8 Solutions for handicap people 
As show in the diagram above, for a person that is not able to walk there are 
many different solutions, from using scratches to part prosthesis before using the 
wheelchair. 
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3 ANALYSSIS OF WHEELCHAIRS 
As there are different products that improve the mobility for handicapped people, 
there are also different types of wheelchairs that cover special needs. In the following 
diagram 2 main types are outlined. The two main categories of wheelchairs are manual 
and electric.  To each category there is different types of vehicles as special needs are 
special for every person. 
Correspondingly, there are many types of electric wheelchairs in the modern 
market. In general, they fall into two main categories: scooters and power chairs. 
 
MANUAL  
▪ Regular Wheelchair 
▪ Stander Wheelchair 
▪ Sport Wheelchair 
 
ELECTRIC 
 
▪ Electrically-operated chairs 
▪ Scooters 
▪ Electric Standers 
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3.1 MANUAL 
There are many different types of wheelchair categories currently available on the 
market. Each category has different models suited for different users. Some of the 
chairs have fixed components, which makes them more suitable for people who are 
used to non-removable parts. Fixed armrests can be used on a wheelchair and it is the 
most common type of armrest available. Flip back and removable armrests can be 
used to allow the user to be able to shift the component to allow them to transfer in 
and out of the chair easier. 
The most common type of chair would be the manual wheelchair. This type of chair is 
self-propelled, and it is not assisted by the use of a battery or an auto propelling 
system. This type of chair is suited for someone who has control over his or her upper 
limbs. This is because the conventional type of manual chair has large rear wheels to 
allow the user to propel on their own. These are the lowest priced wheelchairs that 
the user is able to propel themselves. They usually have folding steel frames and all the 
basic necessities but offer few, if any, options and cannot be modified or adjusted 
beyond the foot plate height. They are suitable for occasional trips and short-term use 
and often are found in stores as loaner wheelchairs. Approximate Cost: $150.00 to 
$300.00.  Manual wheelchairs are distinguished in 3 categories. 
▪ Single-wheel type hand-held wheelchair with large rear wheels for autonomous 
movement  
▪ Simple-type manual wheelchairs with small wheels, which are suitable for 
indoor and accompanying use. 
▪ Simple type manual wheelchairs with middle rear and inner rear wheels for use 
with escort  
 
 
 
 
Figure 9 Manual Wheelchair  
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3.2 SCOOTERS 
The scooters usually have 3 or 4 wheels, (Fig. 11-12) and a seat which rests on a frame 
fixed to the base of the scooter. A basic difference between scooters and conventional 
electric wheelchair is the way they are driven. With the scooters, users usually control 
the movement with manual handles which move the scooter mechanically (Fig. 10) 
Four-wheel scooters often have the front wheels connected to turn left and right at 
the same time. The use of the handles controls the direction of movement, while the 
speed of the scooter is adjusted with a lever attached to the handles and pressed with 
the thumb or the palm. 
 
                                    
Figure 10  3-Wheel Scooter                                     Figure 11  4-Wheel Scooter 
Scooters often require more movement ability and upper limb functionality 
than traditional electrically powered wheelchairs. They usually do not have special 
footrests for users who do not have good foot function, and the scooter seat does not 
have the required design for those who do not have a good balance on the trunk. As a 
result, scooters are mainly used by people who have the ability to walk or even stand 
up (but not for long distance). 
The seats of most scooters are rotated and locked in a specific position, which 
also facilitates the user's transport to and from the scooter. For example, if a scooter 
operator has difficulty approaching a particular table, he can rotate the seat to the side 
or back and get closer. Some scooters also have lifting mechanisms under the seats 
and can be adjusted to the passenger's height or depending on the activity required. 
Many manufacturers of pillows and backrests make products that can easily be 
placed in a scooter seat. One of the advantages of the scooters is that the wheel 
spacing is longer in length, providing more stability in the front drive than conventional 
electric wheelchairs. However, this length makes it difficult to rotate the scooter in 
some cases (not flexible enough in turns). In addition, the scooter's manual handle 
allows the user to swivel faster and this increases the chances of tipping over to the 
side. 
 Advantages 
▪ More stability  
▪ Great resistance   
▪ Storage space  
▪ Better look 
Disadvantages  
▪ Handling  
▪ Flexibility  
▪ Weight 
▪ Easily reversible 
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POWER CHAIRS 
 
The power chairs differ from the scooters in their design and operation. The power 
base covers the engine, batteries and wheels together with the seat system that hangs 
on the base. Most power-driven wheelchairs have at least 4 wheels. Also, while the 
scooters are driven by a manual steering wheel attached to the front wheels, the 
electric chairs are controlled by a variety of devices. The most common control device 
is the handheld joystick. 
 
       
Figure 12  Different types of Electric Wheelchairs  
The front-wheel-drive electric chairs have large front wheels and usually small rear 
wheels. The front wheelchair movement is firstly introduced in Europe, but today it is 
also popular in the US, where wheelchairs with rear-wheel drive are usually used. The 
rear-wheel-drive chairs have the largest wheels on the rear, with smaller wheels in 
front. In the mid-90s, many manufacturers introduced the move on the middle wheels 
of electric wheelchairs. These wheelchairs have the main drive wheels at the weights 
of the user. Wheelchairs with mid-wheel move have six wheels: two drive wheels, two 
smaller wheels and two anti-tipping wheels (Fig. 14).  
 
 
Figure 13 Anti-tip wheels 
 
The rolling wheels "castors" (Fig. 15) and anti-tip wheels can be fitted either to 
the front or to the rear of the seat. The discovery of electronic microprocessors for 
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power-driven wheelchairs has facilitated the creation of user-control mechanisms for 
wheelchairs in all types of wheel drive. The position of the drive wheel affects the way 
of driving and the behavior of the seat.   
With the front-wheel-drive electric chair, the center of gravity of the 
wheelchair is behind the drive wheels. As a result, when the wheelchair slows down, 
there is a tendency to turn backwards to the rear wheels which brings corresponding 
backward problems. For example, when slowing down on the reverse, the wheelchair 
tends to twist. Rear-wheelchairs have better grip on the hill than on the downhill. The 
user can avoid this by carefully keeping the front wheels in a straight line. The front-
wheelchair seats have good tracking behavior but do not have good grip on sandy or 
slippery upward surfaces. 
 
 
Figure 14   Rolling wheels "castors" 
 
Finally, the chairs with a mid-wheel drive are generally better 'hold' than the 
other two types, as the drive wheels are positioned just below the user's center of 
gravity. In this case, the user should be familiar with the small rollover on the small 
anti-tip when on a hill or in high acceleration. The electric chairs with a mid-wheel 
drive are also easier to drive in narrow spaces than front or rear chairs. 
The electric wheelchairs can also be driven by a joystick on the chin (Fig. 17)or 
other part of the body (depending on the available mobility of the person), as well as 
using switches - such as those adapted to the mouth and activated by inhalation and 
breathe out. Most people who cannot use scooters due to limited top-end 
functionality can use conventional electronic wheelchairs. 
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Figure 15 Joystick for wheelchair’s handling         Figure 16  Joystick on the chin 
 
Electric chairs, as said before, are available in a variety of types of drive on the 
wheels: front drive, mid-wheel drive and rear-wheel drive. There are also a variety of 
specialized electric chairs, such as electric chairs for independent stair climbing or with 
the help of escorts, electrically powered sidewalks, or electric chairs for outdoor use. 
                                
Figure 17  FWD off-road wheelchair 
 
  Advantages 
▪ Smaller weight 
▪ Flexibility 
▪ Cost  
▪ Practice 
▪ Handling 
 
 
 
 
 
 
Disadvantages  
 
▪ Less resistance 
▪ Storage space 
▪ Look 
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3.3 ELECTRIC CHAIRS FOR TRAVEL 
 
Due to the weight of most electric wheelchairs, their transport is an important factor 
to be taken into account. Wheelchair’s users often prefer to use a modified van or 
mini-van as their personal vehicle. There are a limited number of wheelchairs that are 
ideal for traveling. These chairs differ from the conventional electrics ones in that they 
are folding, it's easier to remove their batteries and they have smaller wheels. They 
look like a folding manual chairs equipped with a motor and batteries. The collapsible 
frame contributes for the easier transport. Batteries are usually placed in separate 
boxes and have easy connections to facilitate the dismantling of the wheelchair. After 
removing the battery, the wheelchair can be folded. Typically, the engine and the 
control board remain on the frame, meaning that this part of the wheelchair is still 
heavy, but the folding seat is nevertheless useful for many users. 
 
 
Figure 18  Folding Electric Wheelchair Smart 
 
In terms of their durability, the electrical chairs for travel are generally not 
designed to have as much riding power as conventional electric chairs. Therefore, it is 
necessary to evaluate the advantages and disadvantages that have to do with the ease 
of storage and transportation in relation to the driving needs of the wheelchair. 
 
 
3.4 STANDERS 
The upright standing is not only an extension of autonomy but also offers therapeutic 
benefits. It prevents many diseases associated with immobility, such as aggravation of 
sprains, poor circulation and various muscular skeletal disorders. The orthostatic 
movement is proportional to the joints of the user and is performed by means of a 
lever and a hydraulic bottle. 
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Figure 19  Stander H-LO 
 
The H-LO stander (Fig. 21) is a technical aid, easy to use in an active way. It has 
a harmonious design that is easily adaptable to the needs of every user due to the 
adjustability of the seat, backrest and wheels. It allows load distribution in order to 
reduce the effort to move. The seat and the backrest have a bottom stretched and are 
covered by detachable pads. The depth of the seat can be adjusted, and the backrest is 
adjustable as well for height and forward. It has adjustable and detachable footrests, 
side panels (protective clothing), and adjustable padded chest area with easy snap 
system side levers acting on the gas pump opening, knee brace adjustable and 
detachable. 
 
3.5 ADDITIONAL POWER SYSTEMS AND ASSISTED WHEEL DRIVE 
In case that the user is interested in the assisted movement of his/her hand carriage, 
there are two alternatives: an additional power systems and assisted drive wheels. 
Both systems use the wheelchair skeleton as base. 
 
Figure 20    Additional steering wheel with motor and battery 
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The additional power systems convert a manual wheelchair into an electric one. There 
are a number of methods, such as the modification that enables the wheelchair to 
operate as a scooter with a manual handle, and another version that uses special 
wheels, batteries and a controller that converts the manual wheelchair to a 
conventional electric chair. 
 
  
Figure 21    Electric motors for converting the manual motor into an electric one 
The wheelchair with assisted drive wheels is something between a manual and an 
electric wheelchair. Most assisted mobility chairs are sold as complete products. 
Assisted drive wheels have internal motors that enhance the user's physical force 
during movement, adjusting the thrust according to the user's force. These wheels can 
push the wheelchair in multiple distances with a single push of the user. As a result, 
the user may travel longer with less effort. However, assisted drive systems do not 
have the power and durability of the conventional electric wheelchairs. 
 
As with cars, wheelchair manufacturers have developed many different models and 
types of electric wheelchairs. Each of them is designed for a different purpose, while 
offering many different adjustments. However, changes usually made easily to 
conventional electric wheelchairs concern the following: 
 
• footrests   
• upper leg support  
• joystick position  
• change of cover 
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3.6 MARKET ANALYSIS 
 
According to the UN, in most countries of the world, 8-10% of the population has some 
form of disability. In the European Union the proportion of these people is greater and 
ranges between 10-15%. In the last decade the percentage have risen (+2 to 7%), due 
to the increasing trend in road accidents. The latest World Health Organization report 
in 2015 reported that every year more than 50 million people worldwide are injured as 
a result of road accidents. 
In Greece, the number of people with disabilities is estimated at around 1 
million, as no official inventory has been made. Estimates about their number have 
been derived from World Health Organization and other governmental 
rates[1].According to the Greek National Standing Committee on Road Safety within a 
year there are 1,600 de ad and 20,000 injured in road accidents. Specifically, among 
those numbers each day 5 people involved in car accidents are dead, 5 are 
quadriplegic, 10 paraplegic and 60 injured. (news247.gr)  
In accordance with the above, Greece is in need of more than 3000 wheelchairs 
yearly. Presently, Greece’s market needs in wheelchairs and medical devices for 
disabled people are covered mainly through imports. Over 2,5-million-euro worth of 
carriages for disabled persons, whether or not motorized or otherwise mechanically 
propelled are imported yearly. The chart below presents in details the supply markets. 
 Table 2 Supply markets Carriages imported by Greece  
 
According to the statistics above, the last years there is a general trend of increase of 
the imports of carriages for disabled people. In 2016 the total imports are double more 
than in 2012. The increase in imports of different carriages for disabled people shows 
that there is a great need of them into the Greek market. Number one supplier of 
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Greece is China with 1.3-million-euro worth of products purchased in 2016. The 
second one supplier of Greece is Taiwan followed by Germany, Italy, and United 
Kingdom. As mentioned before, Greece is in need of more than 3000 wheelchairs 
yearly which means that if we suppose that the average price of one imported 
wheelchair is 3500€, in 2016 through imports were covered around 857 of the users in 
need (3,000,000 / 3,500= 857). Even if the same amount was covered by domestic 
production, there is still deficiency in the market.      
In general, at domestic level the companies which produce different carriages for 
disabled people are not many. Main competitors are Difros, MARRAS CO and Wheel. 
There are many other companies which sell wheelchairs and other medical devices, 
but they are not considered as direct competitor since they do not manufacture their 
products and only resale. 
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4 APPLIED SOLUTION PROCEDURES 
4.1 DESIGN CRITERIA 
For the disabled people the choice of a wheelchair depends on their needs and some 
other basic criteria. After a survey conducted, a wheelchair should: 
▪ have a comfortable seat 
▪ be very maneuver indoors and outdoors 
▪ be very stable when moving 
▪ have great autonomy 
▪ be easy to transport 
▪ respond to the assistant's needs 
▪ be easy to board / disembark 
▪ have a lift adjustment 
▪ be economical 
▪ be good looking (optional) 
 
According to the survey and the market comparison of different models, it has been 
observed that none of the wheelchairs on the market fulfills all these criteria and 
specifically the following two which are the basic design criteria in this dissertation: 
▪ boarding on & disembarking from the vehicle 
▪  elevated seat 
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4.2 CONCEPT 1 
 
This concept is an electric wheelchair where the axle distance varies. Moreover, this 
distance varies with the chair position, lowering the center of gravity as the axle 
distance grows when going faster to avoid to turn over the wheelchair. 
 
Figure 22 Concept 1 sketch 
In this wheelchair a single scissors mechanism was selected for the lift of the 
seat. The elevation is obtained with a linear electric motor mounted on the chassis. 
Two electric motors and two castor wheels were selected also for the movement of 
the vehicle. The scissors mechanism is mounted in the top frame in a fixed point in the 
front and at a sliding bearing at the back. To achieve the lift in the seat and moving of 
the vehicle a rotating mechanism for the castor wheels mounted on the beam is 
necessary. Finally, the batteries of the wheelchair are placed inside the beams for space 
saving  
 
Figure 23 Concept 1 lift mechanism 
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4.3 CONCEPT 2 
 The second concept is a wheelchair with a stable chassis with two electric motors and 
two castor wheels with stable axle. A double scissors mechanism to achieve the 
elevation of the seating position with two linear electric motors was selected. The 
double scissor mechanism is giving the ability for higher elevation than a single type 
scissor.   
 
Figure 24 Concept 2 lift mechanism 
On the other side the lowest elevation point it is higher than a single type, 
because the need of a chassis for the batteries of the wheelchair. This type of 
mechanism is giving the chair more stability because of the stable chassis and the 
double beam elements. Two linear bearings are mounted to the upper frame and two at 
the main frame, giving the mechanism more stability and fixed connection to the 
chassis.  
 
Figure 25 Concept 2 wheelchair 
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4.4 CONCEPT 3 
The third concept mechanism is a double scissor with 4 fixed points on the frame. It is 
very similar to the previous mechanism but with more stability because of the 
connected arms to the scissor beams. There is no need for linear bearings connected 
to the chassis because of the added linkages. All four joints are connected to the 
chassis with joints. With such system the Center of Gravity of the chair remains at the 
center of the vehicle at all heights. The possible change of the CG during elevation of 
the seat or driving the wheelchair may be fatal and overturn the vehicle from its 
equilibrium state.  
 
 
Figure 26. Concept 3 lift Mechanism 
  Two linear electric actuators are connected to all four main beams of the scissor 
mechanism to a main linkage (Fig. 21).   
 
   
 
 
The main linkage is composed from sheet metal welded parts and is the basic 
part of this mechanism. Two linkages are placed, one at the back and one in the front 
connection point of the scissor. The basic function of the linkage is to connect the 
scissor to the actuators in order to lift the chair and at the same time it is connected to 
the footrest and to the back of the seat so that is possible to change the angle of the 
back and the legs of the user while adjusting the seat height.  
Figure 27. Main Linkage 
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Figure 28. Scissor Beam  
Furthermore, to the top frame are connected two slider mechanisms and a Rack & 
Pinion gear with a 12V DC motor for the vertical movement of the chair, in order to be 
easier for the user to disembark from the vehicle. 
 
 
 
Figure 29 Concept 3 mechanisms 
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4.5 CONCEPT SELECTION 
 
Although the three concepts explained above suit the requirements of the project, 
each one will fulfil it to a different extent. Therefore, the concept that adapts best will 
be chosen for further development. To find out we will point their concept strengths 
and weaknesses and their overall rate of project fulfilment. The results will be 
presented in a table. Each wheelchair will be tested in a series of aspects. Those 
aspects will be valued on a scale from 0 to 5 being 0 the lowest value and 5 the 
highest. The rating will be given by me according to how the characteristic is fulfilled 
by an existing wheelchair. In addition to that, each aspect will be added a weight 
importance as some aspects will be more crucial than the others. The concept with the 
highest overall value will be elected 
 
 
 
Table 3 Concept Selection 
Once all concepts have been evaluated, it’s time to look at the results and 
make a selection. Concepts 2 and 3 are very similar in outdoor and indoor capability 
and also at max – min height that can raise the user. Concept 1 is performing the best 
outdoors but at all other aspects Is not performing as good as the other two so it is out 
of the competition. Concept 3 is the only one that can fit a sliding mechanism for the 
disembark of the user from the vehicle which is the most important aspect as the aim 
of this project, is to design a wheelchair that will help people to get off from the chair 
easier. Concept 3 get the highest overall value and is elected for further development 
to make it the solution for this project. 
 
 
 Importance 
Value % 
Concept 1 Concept 2 Concept 3 
Outdoor 
Capability 
15 5 4 4 
Indoor Capability 15 2 4 4 
Max Height 5 4 5 5 
Min height 5 3 5 5 
Dissembark 30 3 3 5 
Autonomy  5 3 4 4 
Stability 20 2 4 5 
Storage 5 3 4 4 
Overall 100 3 3.8 4.6 
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5 CONCEPT DEVELOPMENT 
5.1 LEGO MODEL 
To test the concept 3 lift mechanism, I decided to construct a scale model of the chair 
built from Lego parts. So, a stable frame at the bottom was built to connect all the 
wheels and the base of the beams. A second frame where the top beams are mounted 
is placed over the upper beams, also the chair of the vehicle is connected to the top 
frame. 
The scissor mechanism it consists of eight beams which have the same length as the 
distance mounted on the chassis. The beams are connected to 2 main linkages that have 
the 1/3 length of the beams in order the mechanism to be able to function vertical.   
 
 
 
 
 
 
 
 
 
 
 
 
Figure 30 Lego Mechanism  Prototype  
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5.2 SEAT DESING 
 
 
The seat of the wheelchairs, despite the long history of 2050 BC - 1600 BC, has been 
poorly designed until now and this is due to the lack of anthropometric and anatomical 
features use. A seat, to play successful its role, must fit the Anatomical Dimensions of 
the person who will use it in order to provide comfort, ease of operation, efficiency 
and safety. In other words, the seat is like a "shoe", the same number does not fit all 
the "legs". The seat intended for young people does not serve as comfortable for the 
elderly who need different specifications and constructions. 
Disabled people are the ones who use seats more than anyone else and so their 
seats should be as comfortable as possible. Based on that fact, for the seat design of 
the project’s wheelchair, an office chair with electrically adjustable backrest and 
footrest is chosen. The proposed seat is also in accordance with the basic criteria of 
ergonomics, which concern the below: 
 
• center of gravity of the seat 
• height of the seat 
• depth of the seat 
• slope of the seat 
• foam materials used 
• back support 
• arms support   
• footrest 
 
 
 
 
 
 
 
 
 
5.2.1 CENTRE OF GRAVITY 
The center of gravity of a person, who is sitting on a parallel to the ground seat and 
sitting with the back in a right angle to it, is the vertical imaginary line that passes 2.5 
cm in front of the center of the chest and meets the ground. 
When the seat does not provide adequate stabilization, the person sitting on it 
is instinctively attempting to stabilize his weight by changing attitudes on the seat. This 
process causes the consumption of body energy and creates the impression of an 
uncomfortable seat. The weight distribution of the human body on a seat is 75% above 
the seat, 8% on the back and 17% on the floor. 
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5.2.2 SEAT HEIGHT 
One of the basic requirements of the seat design is the height of the seat from the 
floor. Particular importance should be given to the pressure that the foam fill receives 
from the body weight and how much the original seat height is reduced. 
When the seat surface is high enough for the person, the muscular surfaces 
under his thighs are pressed against the seat by their weight, thus circulation of blood 
to those points is limited. Equally bad is when the seat height does not allow 
comfortable and complete contact of the feet with the floor so the body's stability 
decreased. Also, when the seat is quite low, the legs are forced to extend far in front of 
the seat, thus shifting the center of gravity and forcing the torso of the body to close 
forward and away from the back-support surface. The height adjustment range for a 
seat is between 37.5 and 52.5 cm for adults, with an average height of 43 cm, serving 
the largest proportion of adults. When the seat height is up to 38 cm, it serves a 
relatively large number of adults, with the exception that large people will need space 
for their extended legs when there is a problem to get them out. 
  
5.2.3 SEAT DEPTH 
A basic prerequisite for the design of a seat is its depth, i.e. the distance from the front 
of the seat to the back surface. When the seat depth is large, the front of the seat 
presses the legs just behind the knees, thus limiting blood circulation to and from the 
legs. People who are forced to sit long hours a day are so dangerous to cause 
"Thrombophlebitis". A person who uses a deep-seated seat and tries to move his body 
further out to avoid this pressure, thereby is increasing the distance of his body from 
the backrest and thus causing back and lumbar pain called " Lumbago". 
On the contrary, when the seat has a small depth, it restricts the total support 
of the muscular surfaces of the thighs on the seat and causes the body to feel tilted 
forward. In conclusion, the seat depth of 43.2 million serves an average of 90% of 
people. 
The slopes of the seats are always measured in relation to the vertical axis of the back 
to the floor with an inclination of -5 ° forward and + 12 ° backwards (recall) at will and 
depending on the retraction mechanism selected. 
 
 
 
 
 
 
 
 
 
 
 
Figure 31 Seat Tilt 
 Adjusting the seat inclination is done electrically by pressing a button on the joystick 
and using the joystick at the same time as the chair is changing height.  
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5.3 ARMRESTS 
 
The armrests relieve the muscles from the weight of the shoulders and the hands 
themselves. The height of the arms should be at least at the same height or higher 
than the desk or counter so as not to rub the forearm at the surface of the desk or 
work surface. For this purpose, the arms are height-adjustable in order to 
accommodate the height of the desk or work surface. Also, it is preferable the 
armrests to be adjustable so that the user to be able to go up and down from the 
vehicle easily. 
 
 
Figure 32 Armrest Mechanism for different width 
The armrests are adjustable to the width of the chair and the user according the size of 
each user. The user also can adjust the length of the armrest to his favorite position 
and according to his elbow, in order to use the joystick controller. 
 
 
Figure 33 Adjustable armrest length 
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5.4 FOOTREST  
 
As armrests have to be adjustable, footrests have to. Each user has different body 
dimensions and the wheelchair has to adapt to each user. The footrests are adjustable 
to the length of the legs and are also adjustable to the width. The footrests are also 
detachable and can be removed when the user decide.  
 
 
Figure 34 Footrest Mechanism  
A quick-release mechanism makes it easy for the user to take off the footrest. A 
removable footrest helps the user to get off and on the vehicle.  The mechanism is 
very simple, a D25mm tube with a turning slot is placed on the stable part of the 
chassis. Inside the tube a smaller tube of 21mm diameter is placed. A hex screw is 
placed inside the second tube and works like a hook. To lock the mechanism in place, 
the user has to insert the tube and turn it 90 degrees in order to hang it. The second 
tube has different position where the screw can be placed for the setting of the height. 
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5.5 LIFT MECHANISM 
 
The lift mechanism is a double scissor mechanism as elected from the concept 
selection, as I said before it is departed from 8 beam elements, four on each side that 
are connected to 2 main linkages (Fig.36). The length of each beam is equal to the 
other and have the same length as the mounting positions on the main chassis, 
420mm.  
The length of each linkage is 150mm and they are connected 150mm from the 
mounting position of the chassis. Two linear electric actuators 150mm stroke, 12VDC, 
1500N are connecting the two linkages and perform the elevation.  
 
 
 
 
 
 
 
 
 
Figure 35 Main Linkage 
Figure 36 Linear Electric Actuator 
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5.6 CHASSIS AND SUSPENSION 
 
An electric wheelchair has to have some sort of energy, so two 12V VRLA  26AH 
batteries that are connected in line and provide the system with 24VDC. The batteries 
are placed inside the main chassis. To the chassis are also placed the main controller of 
the vehicle and different electronics and cables.  
 
 
Figure 37 Detail of Chassis and Suspension Mechanism 
The chassis has four joints for the suspension of the wheelchair. The arms are 
connected to the chassis to 4 bike shock absorbers. The vector direction travel of the 
absorber is at the Centre of Mass of the Vehicle for stability reasons. 
 
Figure 38 Centre of Mass 
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5.7 MOTORS AND CONTROLLER 
Two compact design 12" Brushless motors (Fig. 40) were selected for the motion of the 
chair. These motors were selected not only for their low cost and compact design but 
also for their operation, which when the user leaves the accelerator are immobilized. 
Thus, the user can immobilize the vehicle on a tilted road without using the brake. 
Also, when the assistant needs to drive the vehicle, simply by using a lever, 
unlocks the wheels and can move freely. 
 
Figure 39 12” Brushless in hub motor 
IM50-B Brushless Joystick Controller was selected that motors intelligently by 
programmed microchip. The controller was the most difficult part to be measured and 
designed because of its curves so it was 3D Scanned with the help of the International 
Hellenic University laboratory’s equipment in order to take its basic dimensions and 
take part into the final design of the wheelchair. 
 
 
Figure 40 3D Scanned IM50-B Joystick Controller  
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5.8 ELECTRICAL POWER ROUTE DESIGN 
The course of wheelchair power is shown in the figure, the subsystems constituting the 
power path are as follows: 
• Electric propulsion 
The propulsion system consists of the vehicle controller (Controller) and all four 
motors. 
• Power source 
The power source system consists of the battery, the power management unit and 
battery charger  
• Auxiliary systems 
As ancillary systems are considered the two linear electric one’s actuators used for 
height adjustment and the slope of the seat (LM1-LM2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.9 CONTROLLING THE MOTORS 
As mentioned in a previous chapter, the user has the ability to control the wheelchair 
using a Joystick. Depending on the input signals from the vehicle's Joystick Controller, 
it provides the appropriate control signals to the electronic power converter, the 
function of which is to control the power flow from the power source to the motor. 
24V 26AH 
Figure 41 Power Route Design 
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The vehicle controller also takes into account the height adjustment actuator signal for 
the center of gravity position. This signal is used to control the maximum and 
minimum speed the vehicle can develop.  For controlling the motors by the controller, 
depending on the X where the Joystick is located, there are three different signal 
processing states. 
5.9.1 CASE 1 
In the first case, the mechanism moves only when the Joystick is in four positions (X, 
Y): 
• X = 0, Y = 500 Forward movement 
All engines rotate clockwise and the vehicle moves forward 
• X = 0, Y = -500 Rearward movement 
All the engines are rotated counterclockwise and the vehicle moves backwards 
• X = 500, Y = 0 Move to the right 
The left-hand engines are rotated counterclockwise while the right turn is clockwise 
and the vehicle turns right 
• X = -500, Y = 0 Move to the left 
The left-hand motors are rotated clockwise while the right counter-clockwise and the 
vehicle turn left 
In all other positions the engines have no command, so there is no movement. This 
operation makes the vehicle shake and prevents the user from controlling the vehicle 
thoroughly and smoothly. 
 
Figure 42 Case 1 possible X,Y positions 
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5.9.2 CASE 2 
In the second case, the movement of the motors occurs when the Joystick is located 
on the X and Y axes and the controller only takes into account the change of the 
position of one axle at a time. 
In this case, the user checks the vehicle more smoothly than case 1 because the 
controller acts as a differential control of the engines at any time. The torque is scaled 
according to the ratio between the estimated direct dynamic vertical force and the 
static power. This ensures that the torque is properly turned on tires with sufficient 
traction to apply the resulting force to the road. 
The fixed control system assumes that the vehicle has zero-wheel slip and minimum 
deflection rate. Appropriately assesses the four-wheel torque distribution based on 
steering requirements and weight transfer calculations 
 
Figure 43 Case 2 possible X, Y joystick positions 
 
5.9.3 CASE 3 
In the third case, the mechanism moves to any X position, Y is the Joystick. The 
controller can independently check the rotation of each motor. 
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Figure 44 Case 3 possible joystick possitions 
In this case, the user completely checks the vehicle because the controller checks the 
motors at any time. Also, in operation there may be an unstable control system that 
monitors the vehicle's condition and responds to a loss of stability or excessive slip on 
the wheel. 
5.10 MOTION RESISTANCE 
When you move a vehicle, there are some resistances that oppose its movement. 
These resistors are variable and depend on various parameters. These resistances 
described below are: 
• Rolling resistance 
• Aerodynamic resistance 
• Anode resistance 
• Inertial resistance 
In the wheelchair, aerodynamic resistance and inertia resistance are considered 
negligible because the accelerations and speeds developed on the vehicle are very 
small 
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5.10.1 ROLLING RESISTANCE 
When an unformulated wheel is wrapped in unformed ground or, respectively, a fully 
resilient wheel is wound on a fully developed ground, there is no resistance to 
movement. These are the ideal cases, as in reality both the ground and the wheel 
suffer from deformations. 
 
 
 
Figure 3.5 shows the distribution of the vertical pressure P due the weight on the 
wheel. We notice that, due to the aforementioned the maximum vertical pressure N 
appears shortly after a theoretical axial line passing through the center of the wheel, 
namely by a distance a. For this reason, a torque n is created which equals Tr = N · a. 
 
 
To balance this torque, it is necessary to develop a torque opposite to this. This torque 
equals the product of the pulling force Fr and the dynamic radius of the wheel. The 
rolling resistance coefficient is approximated for the Wheelchairs are calculated at μr = 
0.015  The vertical ever force expressing the mass of a body in strength equals to :  
 
 
 
Where m is the body mass and G is the acceleration of gravity Rolling resistance is 
described by the following formula: 
 
 
Figure 45 Rolling resistance on moving wheel 
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For the calculation of the wheelchair rolling resistance account is taken of the mass of 
the vehicle of 27 kg with the mass of a user 90Kg. 
 
 
5.10.2 ASCENT RESISTANCE 
When climbing a vehicle due to road inclination, a force resulting from the weight of 
the vehicle appears. This force opposes the movement of the vehicle when it is on the 
hill. 
 
 
Figure 46 Forces on wheelchair moving on slope 
 
The ascent resistance is calculated from the following formula: 
 
 
As it is known, the tilt of the road is the ratio of the height H to the distance L and 
expresses the height to be developed at a distance of 100 km: 
 
aFF Z sin
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To find the angle α, in order to calculate the ascent resistance, we use the formula: 
 
 
Thus, for a pavement slope of 10 ° the vehicle has an ascent resistance equal to: 
 
Since we know the forces opposing the movement of our vehicle, we can sum them in 
order to find the required driving force (traction force) to be applied to the wheels to 
move it. 
 
The torque needed on the wheel to overcome these resistor is calculated by the 
formula: 
 
 
Where Mk torque on the wheel, rt the radius of the wheel and its gear ratio from the 
engine to the wheel. 
 
Four electric motors specially designed for power wheelchairs were selected on the 
wheelchair, and they also feature a release lever to allow the wheel to move freely 
when the user's helper is required to operate the vehicle. 
The motors have a diameter of 12inch (308mm) with a working voltage of 24V, 
250Watt and a fixed transmission ratio of 23: 1 
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Figure 47 Motor drive curves and efficiency 
The maximum torque that can be produced by the motor according to its operating 
diagram is 20Nm and is enough to overcome the climb and roll resistors. 
 
According to the motor diagram its maximum speed is 220 rpm and the maximum 
speed that the wheelchair can develop is 12Km / h and is calculated by the formula 
 
 
 
 
5.10.3 CALCULATION OF REQUIRED POWER 
In physics, power is the rate of doing work, the amount of energy transferred per unit 
time (Gillespie, n.d.). 
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Work results when a force acts upon an object to cause a displacement (or a motion) 
or, in some instances, to hinder a motion. Three variables are of importance in this 
definition - force, displacement, and the extent to which the force causes or hinders 
the displacement. Each of these three variables find their way into the equation for 
work. That equation is: 
 
 
 
Considering the above mathematical formulas and knowing that velocity is the time 
shift rate of shift, it follows that: 
 
 
 
Theoretically the power given to the vehicle when it moves at the maximum speed 
(3.54m / s) it can develop considering only the rolling resistance : 
 
 
 
The energy needed to drive the vehicle for one hour is calculated by the formula: 
 
 
 
According to the formula below, the vehicle needs 1.72 Ah to move one hour at 
maximum speed. 
 
 
 
 
 
5.10.4 AUTONOMY 
Autonomy expresses the ability of a vehicle to travel a distance under strictly both 
driving and driving conditions. Autonomy is usually expressed in km but can also be 
expressed in energy consumed. To calculate the autonomy of an electric vehicle 
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properly, it is necessary to take into account operating cycles and experimental 
measurements. However, for wheelchairs, there are no operating cycles. 
 
 
In the calculations of the previous paragraph, the results are derived solely by 
considering the resistances of motion. In a realistic scenario, the vehicle was assumed 
to be moving steadily with a mean required torque of 7Nm. Based on this, traffic 
autonomy will be calculated. This torque equals to the two engines. Thus, each one 
corresponds to a torque equal to 1.75Nm. According to the operating diagram of the 
motor, each drive produces about 100 watts of energy and has a performance level of 
about 73%. 
 
Therefore, the required power is calculated from the following formula: 
 
 
 
 
  
The energy consumed by the vehicle to move for one hour is calculated by the 
formula: 
 
 
 
 
So the energy consumed by the battery is: 
 
 
 
 
 
 
According to the above calculations, the wheelchair runs 12Km in one hour and 
consumes 7.05Ah of the battery, so the vehicle can travel about 43Km at a constant 
speed of 12Km / h with the 26Ah battery. 
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6 FINAL RENDER 
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7 PROTOTYPE 
 
The production of the functional prototype was not only dependent on the final 
concept proposal. This proposal also had to be adapted for both available material and 
tooling to ensure that it could be produced at available Milkplan workshop and 
assembled at home.  
All mechanisms were produced in house by sheet metal parts using CNC machines like 
laser cut and tube laser. Some photos of the prototype production will be presented. 
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8 Conclusions 
The final result is a new wheelchair concept, developed for people that can’t overcome 
obstacles they currently cannot independently manage. It has been embodied in a 
prototype, which can be treated as a fully functional wheelchair and be both ridden 
and evaluated.  [1] This is an accomplishment of the project aim but it is important to 
consider the discussion about what must complement a wheelchair design to achieve a 
satisfying level of integration for these people. The new technology implemented 
through this project is definitely seen as a differentiation from currently offered 
solutions on the market, which may have a competitive advantage. This study provides 
information that could be used to further develop current and future products for 
disabled people in developing contexts. 
 
Even though this project has given a satisfactory result, there is still a lot of 
work remaining before this technology could be fully introduced to the intended user 
group. The final result means developing, testing and evaluating a new kind of 
wheelchair technology, and the insights given by this project can hopefully be used to 
further develop and increase the possibilities of wheelchair users.  
 
Future work concerns deeper analysis of particular mechanisms and production 
of the prototype. Furthermore, a Smartphone application it is planned to be studied 
and tested, so the user has the opportunity to drive the wheelchair from distance. 
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